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(54) Plano-convex lens for an optical fibre 

(57) A lens 1 for an optical fibre includes a planar surface 3a to abut a free end 5a of the fibre and a convex 
lens surface 10 for producing a relatively narrow beam of light Preferably the lens 10 comprises a P urality of 
frusto^onical surfaces 11,12, 13, 14 each disposed at a different angle with respect to the optical axis 15. The 
lens may include an annular flange 6 by which it is mounted In plate 7 by clip 8. 
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At least one drawing originally filed was Informal and the print reproduced here is taken from a later filed formal copy. 
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I FNIS FOR AN O PTICAL FIBRE 

This Invention relates to a lens lor an optical fibre. 

Recently, optical fibres have found a use within variable Information displays 
of the type comprising a matrix array of liquid crystal shutters each disposed in front 
of a light source. By selectively shuttering the light the liquid crystal cells behave as 
pixels. Conveniently light is supplied by a light bulb which sen/es a plurality of liquid 
crystal cells by means of a bundle of optical fibres. It is Important that such a display 
be as bright as possible and be readable over a range of viewing angles. For a 
motonway road sign appHcation. United Kingdom Department of Transport Regulations 
require that such a sign have a predetermined value of Intensity over a cone of semi- 
angle 6" around the optical axis. A simple cut fibre, in air, emits light over a semi- 
angle of about 40*. In order to produce a more concentrated beam It has been 
proposed to use a device of tnincated conical shape, the nanrow end of which is 
attached to the optical fibre and which operates using total Intemal reflection. The 
main problem with such a device Is that those rays having relatively large off axis 
angles tend to undergo multiple intemal reflections and it is difficult to design a device 
having unifomi characteristics over a sufficiently wide range of viewing angles. 

This invention provides a lens for an optical fibre, including a planar surface to 
abut a free end of the fibre and a convex lens surface for producing a relatively narrow 
beam from light emitted from the free end. 
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Because a lens is a refractive device, as opposed to the known devices which 
rely on total internal reflection, any individual ray only undergoes one change in 
direction upon exiting the lens as opposed to the multipie changes that can be 
undergone within the reflective prior art device. 

It is preferred that the convex lens surface comprises a plurality of f rusto-conicai 
surfaces each disposed at a different angle with respect to the optical axis of the lens. 

Such an arrangement can be relatively easy to design for a given specification 
and be straightfonvard to manufacture, such as by plastics moulding. 

it is much preferred that the planar surface is disposed at the blind end of a 
socket dimensioned to receive and support the optical fibre. 

The use of a socket as defined can ensure that the iens Is particularly easy to 
secure in alignment with the optical axis of the fibre. Any pressure on the outside of 
the cable, e.g. from clamps or other alternative securing means, can cause light 
dispersion so that the use of a socket as defined prevents this occurence. 

In order that the invention may be well understood an embodiment thereof will 
now be described by way of example with reference to the accompanying drawings, 
in which; 
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^ure 1 is a cross sectianal view through a iens acco«ling to the ir^vention; 



Figure 2 is a plan view from the rear of the lens shown in Figure 1; 
Rgure 3 is a plan view from tiie front of the lens shown in Figure 1 ^ 



Rgure 4 Is a ray 
surtace; 



diagram showing a variety of rays passing through the lens 



Figure 5 is a 



ray diagram showing the design principles of the lens surface; and 



Figure 6 Is a graph showing the variation in Intensity with angle for a lens 
according to the invention compared with that ofabare fibre andaprior art simple 



cone. 



Referring to Rgu« 1 . lens 1 Is Weg-eUy I6m»d as by n»uldlng fton, a 
,„^pU«*en»B-lalh»^asv«ab.ere*ac«veWex. The tens 1 mcMes 
a,ha*porton2ha*.gablndsocKel3e><tendlngto«a«.yftcn,.her.armos.end 

tece 4. The socket 3 is dimensioned to receive as a *se m an optica. Ilbre 6, 
,^edWdoHedou«lnes.Thef«=end5eot«,e<ibreab„.sthebBndend3aof.he 
«^,andisprelen*lya..achedbymeansofopticeice™nt The iens incHides an 
a™.ar,an8e6bvwh.hthe,enscanhem»<n.«lv«inaho.e7ainas^,^ 

7 and retained by means of a clip 8 at the rear. 
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An advantage of the invention is the straight fonvard way In which a display 
incorporating a matrix array of such lenses can be assembled. Lenses can be simply 
inserted and retained within the holes 7a and an optical fibre inserted and cemented 
within each respective socket 3. The socket ensures optical alignment and that no 
other means, e.g. clips, are required to hold the fibre in position. 

A lens surface 10 is provided at the front of the device. The lens surfeice 10 
is of generally convex shape and, as best seen in Rgures 3 and 4 is divided into a 
plurality of faisto-conical surfaces 11, 12, 13 and 14 which are designed to function 
as described below. For a material having a refractive index of, for example, 1.493 
light is emitted from a simple cut fibre over a cone of about semi-angle 25^ with 
respect to the optical axis 15, and accordingly tfie lens Is arranged to subtend fliat 
angle at the fibre. Referring now to Figure 4, a bundle of rays, 11, 12a, 12b, 13a, 
13b, is shown exiting ttie end face 5a of tiie optical fibre 5. As ttie angle between ttie 
axis 15 and a ray emitted from the fibre end increases, Ite angle of emergence from 
the exit face of tiie lens is permitted to increase up to a fixed limit of, as shown, 6^ 
Ray 1 2a which exits near tiie bottom of face 12 emerges almost parallel to tine optical 
axis 1 5, whereas ray 12b, which is at a relatively much greater angle exits tiirough the 
same surface 12, but at an angle of 6^ Thereafter the slope of tiie exit face 13 is 
changed abruptiy to redirect the rays nearly parallel to the axis, as shown by ray 1 3a. 
Face 13 continues until tiie exit angle again reaches 6°, as shown by ray 13b. The 
slope of the exit face is abruptiy changed in this way until the majority of tiie emitted 
flux has been redirected, typically 90%Js contained within a cone of semi angle 17.5^ 
measured in the lens material. Thereafter the flux is permitted to spread into a cone 
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Of semi angle 1 6». In this way excessively sharp tmncaBon of the beam is prevented 
which could hinder early aquisition of the sign image. 

Using the above mentioned design rules the actual angles can be calculated 
using the straight fonward application of Snells Law as will now be described with 
reference to Rgure 5. For a lens of refractive index N. Snells Law yields; 

sln(o-e2) = nsin(o-e,) Equation 1 

Thus by expanding 

sin a cos ej - cos a sin = n (sin o cos 0, - cos a sin 6,1 
Whence 

sin o [cos ©2 ^ ncos 6,1 s cos o [sin Qg- n sin 8,1 

And so tan a = sin 62- n sin 6, 

cos 62" n cos 6, Equation 2 

From Equation 1 we can obtain nwre conveniently:- 

6,= a-8ln's!njlSLiJal Equations 
n 

Thus either using equation 2 to determine o, given 6, and the required value 
of 62, or by using equation 1. In the form of equation 3, to determine the maximum 
angle 6, subtended by the comer of a zone face from a and the required value of 62. 
all lens zones 11.12. 13 and 14 may be defined. 

The effects of the lens are shown in Rgure 6 where a bare fibre, in air. emits 
light over a cone of semi-angle about 40". A simple tmncated cone has a relatively 
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'peaky* response and also significant levels of light are emitted even at quite large 
angles. Witt) the device accorcfing to the invention, the intensity is fairly uniform, and 
high, upto aljout 6" on either side of the optical axis, but thereafter falls away quicldy. 

Although as described the lens surface comprise a plurality of frusto-conicai 
surfaces^ the surface could be of a more conventional smooth convex shape. 
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1 . A lens for an optical fibre including a planar surface to abut a free end of the 
fibre and a convex lens surface for producing a relatively narrow beam from 
light emitted from the free end. 

2. A lens according to Claim 1, in which the convex lens surface comprises a 
plurality of fmslo-conicai surfaces each disposed at a different angle with 
respect to the optical axis of the lens. 

3. A lens according to any preceding daim in which the planar surface is disposed 
at the blind end of a socket dimensioned to receive and support the optical 
fibre. 

4. A lens according to any preceding claim including a flange disposed about the 
lens. 

5. A lens according to any preceding claim which is arranged to emit light over a 
cone of semi-angle 6°. 

6. A lens according to any preceding daim integrally formed from a plastics 
moulding. 

7. A lens substantially as described with reference to the drawings. 
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